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Experimental 

Crystal data 

C 2 iH 23 N0 2 
M, = 321.40 
Orthorhombic, Pl-^Lfa 
a = 5.9354 (1) A 
b = 13.3091 (2) A 
c = 22.1511 (3) A 

Data collection 

Oxford Diffraction SuperNova 
Dual diffractometer 

Absorption correction: analytical 
(CrysAlis PRO; Agilent, 2011) 
Tna,, = 0.75, T max = 0.89 

Refinement 

R[F 2 > 2a(F 2 )} = 0.027 

W R(F 2 ) = 0.070 

S = 1.18 

3323 reflections 

218 parameters 

H-atom parameters constrained 



V = 1749.82 (5) A 3 
Z = 4 

Cu Ka radiation 
p, = 0.61 mm~' 
T = 100 K 

0.65 x 0.25 x 0.19 mm 



32829 measured reflections 
3323 independent reflections 
3276 reflections with / > 2o"(7) 
Ri„, = 0.026 



Ap max = 0.16 e A 

Ap mi „ = -0.16 e A~ 3 

Absolute structure: Flack (1983), 

1257 Friedel pairs 
Flack parameter: 0.12 (18) 



The crystal of the title compound, C21H23NO2, was chosen 
from a conglomerate formed by a racemic mixture. An 
intramolecular hydrogen bond is formed between hydroxy 
group and heterocyclic N atom of the azabicyclo[3.2.1]octan- 
3-one system. The crystal structure is stabilized by C— H- ■ O 
interactions between aliphatic C— H groups and the carbonyl 
O atom. For the title chiral crystal, the highly redundant and 
accurate diffraction data set collected with low energy copper 
radiation gave a Flack parameter of 0.12 (18) for anomalous 
scattering effects originating from O atoms. 

Related literature 

For recent background literature on the chemistry of related 
tropane-derived aldols and their applications, including 
stereoselective syntheses of bioactive alkaloids, see: Lazny et 
al. (2011); Sienkiewicz et al. (2009) and references cited 
therein. For stereoselective syntheses of related nortropinone 
aldols, see: Lazny et al. (2001); Lazny & Nodzewska (2003). 
For a representative review of the biological activity of 
tropane derivatives, see: Singh (2000). 




Table 1 

Hydrogen-bond geometry (A, °). 



D-H-A 


D-H 


H- ■ A 


D--A 


D-H-A 


09-H9-N8 


0.84 


1.99 


2.7280 (13) 


146 


C6-H6B- ■ 03' 


0.99 


2.61 


3.3414 (15) 


131 


C1-H7A- ■ 03' 


0.99 


2.52 


3.2954 (15) 


135 


C16— HIM- • •03 i 


0.99 


2.60 


3.5846 (16) 


173 



Symmetry code: (i) —x + 2, y + |, — Z + \- 



Data collection: CrysAlis PRO (Agilent, 2011); cell refinement: 
CrysAlis PRO; data reduction: CrysAlis PRO; program(s) used to 
solve structure: SHELXD (Sheldrick, 2008); program(s) used to 
refine structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
ORTEP-3 (Farrugia, 1997) and pyMOL (DeLano, 2002); software 
used to prepare material for publication: SHELXL97. 

This work was supported in part by the University of 
Bialystok (BST-125), the Polish Ministry of Science and 
Higher Education (grant No. N N204 546939), the Intramural 
Research Program of the NIH, National Cancer Institute, 
Center for Cancer Research, and with Federal funds from the 
National Cancer Institute, National Institutes of Health, under 
contract HHSN2612008000001E. 



Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: GK2429). 
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(2/f)-8-Benzyl-2-[(5)-hydroxy(phenyl)methyl]-8-azabicyclo[3.2.1]octan-3-one 
K. Brzezinski, R. Lazny, M. Sienkiewicz, S. Wojtulewski and Z. Dauter 

Comment 

Tropane (8-methyl-8-azabicyclo[3.2.1]octane) and nortropane (8-azabicyclo[3.2.1]octane) are known scaffolds of numer- 
ous natural alkaloids, many of which demonstrate a range of biological activities. Many synthetic derivatives and unnatural 
analogues of tropane alkaloids have been synthesized and studied as potential agrochemically or pharmaceutically useful 
agents (Singh, 2000). Diastereomerically and enantimerically pure aldols of tropinone were used as key intermediates in 
stereoselective synthesis of unnatural enantiomer of cocaine (e«?-cocaine), knightinol, alkaloid KD-B and ferrugine (Sien- 
kiewicz et al, 2009). Stereoselective syntheses of nortropinone aldols (Lazny & Nodzewska, 2003; Lazny et ah, 2001) 
is more complicated and remains a challenge. Therefore synthetically equivalent N-benzylnortropinone aldols may open 
a route to synthetic availability of nor-analogues of potential pharmaceutical importance. Knowledge of the structure and 
reactivity of the A^-benzyl analogues of tropanes is also used for modeling reactivity of nortropanes anchored through nitro- 
gen on commonly used solid-phase supports with benzyl derived linkers. The solid-phase immobilization and subsequent 
transformations are typically used in combinatorial approaches to preparation of libraries of potentially bioactive substances. 

The studied N-benzyl compound was prepared by a procedure analogous to method known for N-methyl aldols. The 
synthetic procedure gave a racemic mixture, however homochiral crystals were formed spontaneously. An enantiomorphic 
crystal was picked at random. 

The crystal structure of the title compound contains one molecule in the asymmetric unit (Fig. 1). The Flack parameter is 
equal to 0.12 (18) for the crystals containing (2_/?)-8-benzyl-2-[(5)-hydroxy(phenyl)methyl]-8-azabicyclo[3.2.1] octan-3-one 
enantiomer. The intramolecular hydrogen bond is formed between hydroxyl group and heterocyclic nitrogen atom from the 
azabicyclo[3.2.1]octan-3-one system. The carbonyl oxygen atom is located near equatorial hydrogen atoms of C6 and C7, 
as well as, the H16A atom. Intra- and intermolecular interactions are shown in Fig. 2 and summarized in Table 1. 

Experimental 

A solution of n-butyllithium in hexane (2.4 M, 0.50 ml, 1.2 mmol) was added dropwise to a cooled (273 K) solution of 
diisopropylamine (0. 168 ml, 1.2 mmol) in tetrahydrofuran (10 ml). The mixture was stirred for 30 min, then cooled to 195 K 
and a solution of iV-benzylnortropinone (0.215 g, 1 mmol) in tetrahydrofuran (7 ml) was added dropwise. After stirring for 
2 h, benzaldehyde (0.117 ml, 1.15 mmol) was added dropwise and the mixture was stirred for another 10 min. The reaction 
was quenched with saturated aq. NH4CI (4 ml), allowed to warm to room temperature, and extracted with dichloromethane 
(3x10 ml). The combined extracts were dried over MgS04 and concentrated to give the crude product. Crystallization from 
mixed solvent system hexane/dichloromethane gave the the major product (0.243 g, 75%) as white crystals [m.p. 372-377 
K; R f = 0.77 (10% methanol/dichloromethane); HR (MS-ESI): MNa+, found 344,1640, C2iH 23 NNa02 requires 344,1626; 

J H NMR(CDCl3): 7.43-7.21 (m, 10H), 5.11 (d,J=3 Hz, 1H), 3.73-3.65 (m, 3H), 3.58-3.57 (m, 1H), 2.82 (ddd, J\ = 1.5 
Hz, J 2 = 4.5 Hz, J 3 = 6 Hz, 1H), 2.45-2.44 (m, 1H), 2.36-2.32 (m, 3H), 1.70-1.66 (m, 2H)]. 
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Refinement 

All hydrogen atoms were constrained to idealized positions with C — H distances fixed at 0.95-1.00 A and O — H distances 
fixed at 0.84 A and (7i S0 (H) = 1.5(7 e q(C) for hydroxyl hydrogen atom and 1.2(7 e q(C) for others. 



Figures 



Fig. 1. The molecular structure of the title compound. Displacement ellipsoids are drawn at 
the 50% probability level. 




Fig. 2. Crystal packing viewed along the a axis. Dashed lines represent hydrogen bonds. For 
clarity, only hydrogen atoms involved in the intra- and intermolecular interactions are shown. 



(2/?)-8-Benzyl-2-[(S)-hydroxy(phenyl)methyl]-8- azabicyclo[3.2.1]octan-3-one 



Crystal data 

C 2 iH 23 N02 
M r = 321.40 
Orthorhombic, _P2j2i2i 
Hall symbol: P 2ac 2ab 
a = 5.9354 (1) A 
* = 13.3091 (2) A 
c = 22.1511 (3) A 
V= 1749.82 (5) A 3 
Z=4 



^(000) = 688 

D x = 1.220 MgnT 3 

Cu Ka radiation, X = 1.54180 A 

Cell parameters from 23874 reflections 

6 = 3.3-73.6° 

li = 0.61 mm 1 
T= 100 K 
Needle, colourless 
0.65 x 0.25 x 0.19 mm 



Data collection 

Oxford Diffraction SuperNova Dual 
diffractometer 

Radiation source: SuperNova (Cu) X-ray Source 
mirror 

Detector resolution: 10.4052 pixels mm" 1 
co scans 

Absorption correction: analytical 
(CrysAlis PRO; Agilent, 20 1 1 ) 



3323 independent reflections 

3276 reflections with / > 2o(7) 
R int = 0.026 

6max = 73.6°, 9 m i n = 3.9° 

h = -7^6 
k = 0-+\6 
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r min = 0.75, r max = 0.89 
32829 measured reflections 



/ = 0^27 



Refinement 
Refinement on F 
Least-squares matrix: full 
R[F 2 > 2o(^)] = 0.027 
wR(F 2 ) = 0.070 

S= 1.18 
3323 reflections 
218 parameters 
0 restraints 

Primary atom site location: structure-invariant direct 
methods 



Secondary atom site location: difference Fourier map 

Hydrogen site location: inferred from neighbouring 
sites 

H-atom parameters constrained 

0.4297P] 



1/[0 2 (F O 2 ) + (0.0283P) 2 



where P = (F 0 2 + 2F c 2 )/3 
(A/o) max < 0.001 
Apmax = 0.16eA~ 3 
Apmin = -0.16eA~ 3 

Absolute structure: Flack (1983), 1257 Friedel pairs 
Flack parameter: 0.12 (18) 



Special details 

Geometry. All e.s.d.'s are estimated using the full covariance matrix. The cell e.s.d.'s are taken into account individually in the es- 
timation of e.s.d.'s in distances, angles and torsion angles; correlations between e.s.d.'s in cell parameters are only used when they are 
defined by crystal symmetry. 

Refinement. Refinement of F 2 against all reflections. The weighted R- factor wR and goodness of fit S are based on F 2 , conventional 

R- factors R are based on F, with F set to zero for negative F 1 . The threshold expression of F 2 > 2o(F 2 ) is used only for calculating R- 

factors etc. and is not relevant to the choice of reflections for refinement. i?-factors based on F are statistically about twice as large as 
those based on F. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 





X 


y 


z 


Ui so */U e q 


CI 


0.8760 (2) 


0.63105 (8) 


0.16890 (5) 


0.0158(2) 


HI 


0.9172 


0.6656 


0.1304 


0.019* 


C2 


0.8530 (2) 


0.51680 (8) 


0.15913 (5) 


0.0153 (2) 


H2 


1.0031 


0.4903 


0.1462 


0.018* 


C3 


0.7921 (2) 


0.46720 (9) 


0.21973 (5) 


0.0169 (3) 


03 


0.88275 (17) 


0.38983 (7) 


0.23623 (4) 


0.0256 (2) 


C4 


0.6185 (2) 


0.52123 (8) 


0.25898 (5) 


0.0177 (3) 


H4A 


0.6293 


0.4967 


0.3011 


0.021* 


H4B 


0.4649 


0.5066 


0.2439 


0.021* 


C5 


0.6612 (2) 


0.63510 (8) 


0.25734 (5) 


0.0164 (2) 


H5 


0.5476 


0.6719 


0.2823 


0.020* 


C6 


0.9079 (2) 


0.65823 (10) 


0.27939 (6) 


0.0202 (3) 


H6A 


0.9603 


0.6067 


0.3084 


0.024* 


H6B 


0.9166 


0.7252 


0.2987 


0.024* 


C7 


1.0516(2) 


0.65523 (9) 


0.21957 (6) 


0.0204 (3) 


H7A 


1.1253 


0.7208 


0.2121 


0.025* 
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Atomic displacement parameters (A 2 ) 
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0.0046 (5) 


C22 


0.0226 (8) 


0.0153 (5) 


0.0303 (7) 


0.0009 (5) 


0.0020 (6) 


0.0007 (5) 



Geometric parameters (A, °) 



CI — N8 


1.5071 (16) 


C10 — C15 


1.4068 (19) 


CI — C2 


1.5419 (15) 


C10— Cll 


1.4127 (19) 


CI — C7 


1.5648 (18) 


Cll — C12 


1.3893 (18) 


CI— HI 


1.0000 


Cll— Hll 


0.9500 


C2 — C3 


1.5390 (16) 


C12 — C13 


1.401 (2) 


C2— C9 


1.5801 (16) 


C12— H12 


0.9500 


C2— H2 


1.0000 


C13— C14 


1.401 (2) 


C3— 03 


1.2180(15) 


C13— H13 


0.9500 


C3— C4 


1.5279 (18) 


C14— C15 


1.3923 (17) 


C4— C5 


1.5368 (15) 


C14— H14 


0.9500 


C4— H4A 


0.9900 


C15— H15 


0.9500 


C4— H4B 


0.9900 


C16— C17 


1.5329 (16) 


C5— N8 


1.5082 (14) 


C16— H16A 


0.9900 


C5— C6 


1.5742 (18) 


C16— H16B 


0.9900 


C5— H5 


1.0000 


CI 7— C22 


1.4091 (19) 


C6— C7 


1.5762 (18) 


C17— C18 


1.4140(19) 


C6— H6A 


0.9900 


C18— C19 


1.4116(18) 


C6— H6B 


0.9900 


C18— H18 


0.9500 


C7— H7A 


0.9900 


C19— C20 


1.406 (2) 


C7— H7B 


0.9900 


C19— H19 


0.9500 


N8— CI 6 


1.4861 (14) 


C20— C21 


1.403 (2) 


09— C9 


1.4430 (16) 


C20— H20 


0.9500 


09— H9 


0.8400 


C21— C22 


1.4151 (19) 


C9— C10 


1.5121 (16) 


C21— H21 


0.9500 


C9— H9C 


1.0000 


C22— H22 


0.9500 


N8— CI— C2 


107.58 (10) 


09— C9— H9C 


107.8 


N8— CI— C7 


105.46 (9) 


C10— C9— H9C 


107.8 


C2— CI— C7 


111.25 (10) 


C2— C9— H9C 


107.8 


N8— CI— HI 


110.8 


C15— C10— Cll 


120.07 (11) 


C2— CI— HI 


110.8 


CI 5— C10— C9 


121.20 (12) 


C7— CI— HI 


110.8 


Cll— C10— C9 


118.73 (12) 


C3— C2— CI 


108.74 (9) 


C12— Cll— C10 


120.33 (13) 


C3— C2— C9 


112.33 (10) 


C12— Cll— Hll 


119.8 


CI— C2— C9 


111.67 (9) 


C10— Cll— Hll 


119.8 


C3— C2— H2 


108.0 


Cll— C12— C13 


119.32(13) 
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P1 PI LIl 

CI — C2 — Hi 


1 AO A 
lUS.U 


pn pi m 
CV — C2 — Hi 


1 AO A 

1U6.U 


p.1 pi p/i 
(J3 — C3 — C4 


121.00 (11) 


p.1 pi pi 
(J3 — C3 — C2 


121.35 (12) 


p/i pi pi 
C4 — C3 — C2 


1 1 /: A/1 / 1 A\ 

110.V4 (1U) 


pi p/i pc 
C3 — C4 C5 


1 A A O C f 1 A\ 

iuy.63 (iu) 


pi p/i u/i a 
C3 — C4 H4A 


1 AA "7 

iuy. / 


f^A U/1 A 

CD — C4 — H4A 


1 AO "7 

iuy. / 


pi p/i i r a d 
C3 — C4 H4B 


1 AA "7 

iuy. / 


pc p/i I r /1 id 
C5 — C4 H4B 


1 AA "7 

iuy. / 


TJ/1 A P/1 I r ,] q 

H4A — C4 — H4B 


1 AO 1 

1US.2 


MO PC P/1 

JN 5 — C 5 — C4 


1 AO 1? /A\ 

1U5.25 (y) 


MO pc p/; 
JN 5 — C 5 — Co 


1 AC 1 O { 1 A\ 

1U5.35 (1U) 


p/i pc p/; 
C4 — CD — Co 


1 AA O A { 1 A\ 

iuy.au (1U) 


MO PC UC 

JNS — C5 — Hi 


111 1 

111.1 


P/1 PC UC 

C4 — C5 — H5 


111 1 

111.1 


p/: pc uc 
Co — C5 — Hi 


111 1 

111.1 


pc p/: p~7 
CD — Co — C / 


1 A1 "7/1 i 1 A\ 

1U3. /4 (1U) 


r^c tja A 
Cj — Co — HoA 


1 1 1 A 

1 1 1 .u 


P"7 P/: TU/C A 

C / — Co — HoA 


1 1 1 A 

1 1 1 .u 


PC P/; T i/n 

C5 — Co — HoB 


1 1 1 A 

1 1 1 .u 


p~7 p/: u/;r> 
C / — Co — HoB 


1 1 1 A 

1 1 1 .u 


xj£ a p/: r r/n 
HoA — Co — HoB 


1 AA A 

luy.u 


pi p~7 p/: 
CI — C/ — Co 


1 A/1 1 £. 1 1 A\ 

1U4.30 (1U) 


p 1 p~7 m a 
C 1 — C / — H / A 


1 1 A A 

i iu.y 


p/: p~7 a 
Co — C / — H / A 


1 1 A A 

nu.y 


pi pt i nn 
CI — C/ — H/B 


1 1 A A 

i iu.y 


p/; pt r n o 
Co — C / — H /B 


1 1 A A 

i iu.y 


xjt A p"7 i no 
H /A — C / — H ID 


1 AO A 


p 1 /: mo p 1 
C 1 0 — JN 6 — C 1 


111 1/1 / 1 A\ 

1 12. 14 (1U) 


p 1 /; mo pc 

CI 6 — JN8 — C5 


1 A A "5 A 

iuy.34 (y) 


CI— N8— C5 


101.69 (9) 


C9— 09— H9 


109.5 


09— C9— CIO 


109.26 (11) 


09— C9— C2 


112.65 (9) 


CIO— C9— C2 


111.47(10) 



Hydrogen-bond geometry (A, °) 




D—H-A 


D— H 


09— H9-N8 


0.84 


C6— IKB-OS 1 


0.99 


C7— H7A-03' 


0.99 


C16— H16A-03' 


0.99 


Symmetry codes: (i) -x+2, y+1/2, -z+1/2. 





CI 1 — C12 — H12 


1 in i 
12U.3 


r^ii un 
C13 — C12 — H12 


1 in i 
12U.3 


pii rn pn 
C12 — C13 — C14 


1 in /;l /"1 1 \ 
12U.02 (11) 


PI "> PI "J TJ1 ^ 

C12 — C13 — rl!3 


1 1 Q 7 

i iy. / 


ph pn TJIT 
C 14 — C 1 3 — H 1 3 


1 1 A "7 

i iy. / 


pk pii pn 
C15 — C14 — C13 


1 in i "7 { 1 1\ 
12U.3 / (13) 


pic P 1 /I XJ1 /I 

ClJ — C14 — rl!4 


1 1 Q Q 

i iy.5 


P11 P1/1 U1/1 

C13 — C14 — H14 


1 1 A O 

iiy.s 


P1/1 PK p 1 A 

C14 — C15 — C1U 


i in i~7 / ii\ 

i iy.2 / (13) 


P1/1 PK UK 

C 14 — C 1 5 — H 1 5 


1 1A A 

12U.4 


P1A p| ; in r 

C10 — C15 — H15 


1 1A A 

12U.4 


MO P 1 /: P 1 "7 

JN 6 — C 1 0 — C 1 / 


111 /;i /a\ 
1 11.02 (y) 


MO P 1 /: uua 
JN 5 — C 1 0 — H 1 0 A 


1 AA 1 

iuy.3 


pn pk ni/t 
C 1 / — C 1 o — H 1 o A 


1 AA 1 

iuy.3 


MO PK UKD 

JN6 — Clo — Hlohs 


1 AA 1 

iuy.3 


P 1 H PK UKD 

C 1 / — C 1 6 — H 1 ohs 


1 AA 1 

iuy.3 


UKA pK UKD 

H 1 OA — C 1 o — H 1 oB 


1 AO A 
1U6.U 


poo pn pio 
C22 — C 1 / — C 1 5 


1 1 O A/1 1 1 1\ 

iis.y4 (12) 


pn pn PK 
C22 — C 1 / — C 1 0 


1 1A 1 A i 1 1\ 

12U.1U (12) 


pio pn pk 
C 1 a — C 1 / — C 1 0 


1 in a/; { 1 1\ 
12U.yo (12) 


pia pio pn 

ciy — cio — ci / 


1 in a/: { 1 1\ 
12U.yo (13) 


pin pi o 11 1 o 

ciy — cis — hi a 


11Q r 


pn pio uio 
C 1 / — C 1 5 — H 1 5 


1 | A C 

iiy.s 


pin pia pio 

C2u — c i y — c i s 


11A /;o /11\ 
liy.06 (13) 


PIA P1A U1A 

C2u — c i y — h i y 


1 OA 0 

12U.2 


PIO p 1 A tt 1 A 

cis — ciy — Hiy 


1 in i 
12U.2 


pii pin pia 

C2 1 — C2U — c i y 


1 1 A "7/1 1 1 1\ 

ny./4 (12) 


pn pia um 
C2 1 — C2U — H2U 


1 1A 1 

12U.1 


P1A pia um 
C 1 y — C2U — H2U 


1 in 1 
12U.1 


C20— C21— C22 


120.66 (13) 


C20— C21— H21 


119.7 


C22— C21— H21 


119.7 


CI 7— C22— C21 


120.02 (13) 


CI 7— C22— H22 


120.0 


C21— C22— H22 


120.0 



R-A D-A D—H-A 

1.99 2.7280 (13) 146 

2.61 3.3414(15) 131 

2.52 3.2954 (15) 135 

2.60 3.5846 (16) 173 
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